in the subtropical and temperate forests of Nepal, India, Bhutan, northern Myanmar and southwestern China (Choudhury 2001) .
In recent years, infectious agents such as parasites transmitted by close contacts between wild and domestic animals may have contributed to the current extinction crisis, which wildlife faces globally (Smith et al. 2006; Pedersen et al. 2007 ). This may also be the case in the Red Panda as they have been reported to carry high numbers of parasites like Eimeria, Isospora, Toxoplasma gondii, Angiostrongylus spp., Crenosoma spp. and unknown metastrongyloid nematodes (Grondahl et al. 2005; Patterson-Kane et al. 2009 ) suggesting a possible link between these endoparasites and the morbidity and mortality of the pandas. A total of five Red Panda individuals were found dead due to unknown reasons in two community forests of the Taplejung District of eastern Nepal from February 2011 to September 2012. The significance of this issue was further emphasized by reports from local people who witnessed the deaths of a number of Red Pandas individuals in the forests adjacent to the study area. Thus, in addition to habitat destruction, degradation and fragmentation, poaching and wildlife trade (Yonzon & Hunter 1991; Wei et al. 1999; Choudhury 2001; Pradhan et al. 2001; Steffens 2004; Williams 2006) , parasitic infections may be a threat to the surviving Red Panda populations in the wild. However, very little information is available to date regarding parasitic infection in these animals, not only in Nepal but throughout their entire distribution range. Understanding the threats to Red Pandas and to develop effective conservation measures is a challenge for conservationists (Gonzalez-Suarez & Revilla 2014) . Thus, we conducted this study to investigate the prevalence of gastrointestinal (GI) parasites and to assess their possible effect on the health of Red Pandas.
Materials and Methods Study area and sample collection
The study was conducted in the Kothi Bhir community forest area (altitudinal range: 2800-3200 m) in Gaam Village Development Committee, Rolpa District, situated in the mid-western region of Nepal. The presence of Red Pandas in this area was first confirmed by the first author (S.T. Lama) in collaboration with Red Panda Network in March 2013. A detailed ecological survey was conducted from 1 to 20 October 2013.
The presence of Red Panda was confirmed by direct observation and by its faeces. The number of faeces piles in a single defecation site is usually 8-15, but 15-30 or sometimes even more than 100 faeces piles are found in the repeatedly used sites, which are called latrines (Yonzon 1989) . The line intercept method was used to collect the faeces of these animals (Sutherland 1996) . Thus, a total of five line intercepts were established along altitudinal gradients at 100m intervals in the study area. Altimeter and Global Positioning System (GPS) were used to record the altitude and position of the Red Panda faeces. Then, a total of 23 faecal samples were collected from the plots. The samples were collected with the help of spatulas, stored in vials and preserved in 2.5% potassium dichromate solution. Samples were stored at 4 0 C until analysis. The physical characteristics of the faeces (e.g., colour and consistency) and the defecation sites (e.g., ground, log or tree) were recorded.
Sample examination
The examinations were conducted in the laboratory of the Advanced Community Hospital, Chitwan, Nepal. Faecal samples were examined by direct light microscopy (100x and 400x) and a faecal smear was stained with modified acid-fast stain for examination of coccidia. The ocular stage micrometer was used to measure the size of the various coccidia such as Cyclospora (8-10 μm in diameter), Cryptosporidium (4-6 μm in diameter), Eimeria (10-40 μm X 10-30 μm) and Isospora (20-33 μm X 10-19 μm in size) (Ghimire & Sherchan 2006) . Sporulation assays were performed to confirm the presence of coccidian parasites. For this, samples positive for coccidia were stored at ambient temperature (approximately 23 0 C) and were examined at regular intervals over a period of two weeks starting from the time of collection (Eberhard et al. 1997; Ghimire & Sherchan 2006) .
Results
All 23 samples were found to be positive for gastrointestinal parasites (100%) (Fig. 1 ). The occurrence rates for different groups of parasites were as follows: protozoa 100.0%, nematodes 52.2%, trematodes 13.0%, and cestodes 4.3%. Out of the 23 samples positive for protozoa, 16 samples contained protozoan species of a size ranging from 10-14 μm diameter, which we were unable to identify. Five other samples contained coccidian parasites of various oocyst characters. One sample contained oocysts from 4-5 μm in diameter resembling Cryptosporidium, one sample contained oocyst from 8-9 μm in diameter resembling Cyclospora. of Red Panda behaviour and habitat. The Red Panda defecates openly on the ground and on trees. Parasites can be easily transmitted via mechanical vectors (Fig. 2) like flies, rats, birds, lizards, cockroaches and beetles from one faecal matter to another. The Red Panda itself can be infected transcutaneously by larval forms when in search of food and water on ground contaminated with faeces. Pandas can also be infected through the consumption of vegetation and water contaminated with parasitic stages such as cysts, oocysts, eggs and larval forms. Infections can also occur while ingesting birds, insect and molluscs infected with trematodes or nematodes. We observed Red Pandas intentionally or accidentally ingesting snails along with bamboo leaves. Pandas need to drink water frequently and the areas around water are favourable habitat for these snails. Many trematodes and nematodes complete their asexual lifecycle in snails and slugs as the intermediate hosts.
When the snails are ingested by the primary hosts, in this case the Red Panda, the larvae enter the digestive tract where they establish and mature. Both trematode eggs and molluscan shells were detected in the faecal sample and an epidemiological connection may exist between consumption of snails and parasitic infection in Red Panda. But consumption of whole snails may not be the sole cause of parasite transmission. For example, A. costaricensis was also found in patients after the consumption of food contaminated solely with mucous from infected molluscs (Zanini & Graeff-Teixeira 1995; Kramer et al. 1998; Patterson-Kane et al. 2009 ).
During the mating season, the Red Panda lives in pairs (Nowak 1999) , however it shows solitary behaviour for the rest of the time. That is why males usually have large territories that overlap with those of numerous females. This behaviour can assist in the dispersal of parasites in a wide range of occupied territories.
Licking or nuzzling the urine marks and faeces of conspecifics is probably also a common way of parasite transmission among these carnivores (Zhang et al. 2008) .
Cattle, monkeys, dogs and domestic cats commonly visit the research area (Fig. 2) where cross-contamination via surface rain water or faecal matter can occur. This may be the reason why coccidia resembling the Cryptosporidium of cattle and the Cyclospora of primates as well as canid or felid Trichuris were found in the samples.
Baylisascaris, Trichuris and Angiostrongylus found in this study are parasites the pandas have in common with other carnivores in the forest ecosystem. Baylisascaris spp., a parasite favouring humans, utilizes more than 100 species of birds and mammals as hosts. These nematodes are pathologically very important because they appear as ocular, visceral and neural larvae migrans, resulting in blindness, loss of muscle control, hepatomegaly and coma. This parasite has been proven to be the underlying cause of death among wild giant pandas from 2001-2005 highlighting its significance for free ranging animals (Zhang et al. 2008) .
We have also recorded parasites resembling Angiostrongylus, a parasite that does not affect the gastrointestinal tract and has been recorded in Red Pandas from various places (Montali et al. 1984; Grondahl et al 2005) . Angiostrongylus infects the respiratory tract of dogs, foxes, wolves, coyotes, badgers and wild cats, and its larvae pass the GI tract on their exit passage from the host. Snails, slugs, or frogs are the intermediate hosts of this parasite (Bolt et al. 1992; Patterson-Kane et al. 2009 ). This nematode has been found to be an underlying cause of respiratory problems including sometimes fatal dyspnoea and pneumonia in Red Pandas (Grondahl et al. 2005; Patterson-Kane et al 2009; Bertelsen et al. 2010) . Because the morphology of this parasite is similar to the first stage larvae of Crenosoma, further studies including molecular assays and polymerase chain reaction (PCR) are required to distinguish them. The prevalence of this parasite in our study was low compared to other studies, possibly because we did not use the Baermann method or a PCR assay (Bertelsen et al. 2010) .
Finally, Trichuris spp. were commonly found in the samples. This parasite has been reported from humans, pets, livestock and wild animals such as foxes and dogs. Various species of this genus can induce acute or chronic inflammation of the mucosa of the caecum and colon, bloody colitis, lethargy, weight loss, anaemia, mucous, watery or haemorrhagic diarrhoea and dehydration that may lead to the death of animal (Traversa 2011) . Notably, further studies should be conducted to assess its pathology in Red Pandas.
Our study has a few limitations. For example, we have not identified parasites to species level. Secondly, the number of faecal samples was low. Despite these shortcomings, we have maintained some qualitative rules of faecal analysis, for example we conducted repeated examinations, acid-fast staining and sporulation assays. On the basis of this exploratory study, we suggest that the health of the Red Panda in this Himalayan region might be compromised due to a high parasitic burden. The prevalence of coccidian parasites resembling Cryptosporidium and Cyclospora (Ghimire & Sherchan 2006) could be an indicator for a compromised immune system. Nevertheless, further analyses are required to identify the preliminary diagnosed parasites and assess their pathological consequences in Red Pandas.
Conclusions
The current study highlights the precarious state of health of Red Pandas in the wild. A parasite burden of this degree could seriously compromise the fitness of the animals. Therefore, a deworming program should be considered in this area. Avoiding cattle grazing near the Red Panda habitat would prevent transmission of zoonotic parasites. Contact with snails cannot be fully eliminated but mechanical and chemical methods to minimize the exposure of the pandas to snails should be explored. Further studies including the collection and analysis of large numbers of faecal samples samples and their histological and molecular analysis will bring information regarding the taxonomic position of the parasites and the epidemiological links between the feeding habits of Red Pandas and these parasites. Our study hopefully can contribute to a new level of disease management in Red Pandas in their wild habitat.
